
CHAPTER 21: ELECTRIC CHARGE 

Dr Reem M. Altuwirqi 



 ...مثبت بخاخبدون ... بدون جل

 فقط قليل من الشحنات الكهربية الساكنة  

 !!!تسريحة الموسم



• Properties of electric charge 

• Electrical properties of materials 

• Coulomb’s law: Electrostatic Force 

What we will learn 



Electric Charge 



Electric Charge 

Greek  

E(rubbing) 

M (rocks) 

1750 

Benjamin 
Franklin 

1820 

Oersted  
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Compass 

deflection 

Faraday 

Maxwell 

Mathematical 

Formulation 



Electric Charge 

Charge with 

the same 

electric sign 

repel each 

other, and 

charge with 

opposite 

electric sign 

attract each 

other. 

 



Electric Charge 

Atoms consist of 

positively charged 

protons, negatively 

charged electrons, 

and electrically 

neutral neutrons. The 

protons and 

neutrons are packed 

tightly together in a 

central nucleus. 

 

Electric Charge is an intrinsic 

characteristic of the fundamental 

particles making up those objects 



Conductors and Insulators 

Insulators 

• Charge 
can’t move 
freely 

• Rubber, 
plastic, glass 

semiconductor 

• Between 
conductors 
and 
insulators  

• Silicon & 
germanium 

Conductors 

• Charge 
move freely 

• Metals, 
human body, 
water 

Super 
conductor 

• Perfect 
conductor 
with no 
hindrance 

The properties of conductors and 

insulators are due to the 

structure and electrical nature of 

atoms 



Electric Charge 

Type 

(+,-) 

Attraction 
and 

repulsion 

Conserved 

Not created 
only 

transferred 

Quantized 

Q=ne 

Discrete not 
continuous 

Characteristics of electric charge 



Conductors and Insulators 

Charged by induction 

Grounding: 

Connecting conductors 

through the earth. 

Charged conductors 

become neutral 

Discharging a conductor 

Only negative charges move, 

positive ions are fixed. 

Connection 

to ground 

- 
- 
- 



Conductors and Insulators 



Coulomb’s Law 

ke = 8.9875  109 N · m2/C2 

ke = ¼o 

o = 8.8542  10-12 C2/N · m2 

 

 If two charged particles are brought near each other 

they exert a force on each other. 

 Coulomb’s force or electrostatic force 

 Force either attraction or repulsion 

 Force is a vector quantity (line between the two 

particles) 

 Follows the inverse square law (like gravitational force) 
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The SI unit of charge is the coulomb. 



Coulomb’s Law 
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The SI unit of charge is the coulomb. 



Electrostatic and Gravitation Forces 

 

 

 

+ or –  

because there are two 

types of charge 

 

 

 

Always positive  

because there are only 

one type of mass 

Electrostatic Force Gravitational Force 
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Coulomb’s Law & Superposition Principle 
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12 13One must remember that  ,  , ... are vectors and thus we must use vector addition. F F

If there are n charged particles, they interact independently in 

pairs, and the force on any one of them, say particle 1, is 

given by the vector sum 

in which, F1,4 is the force acting on particle 1 due to the presence 

of particle 4, etc. 



Coulomb’s Law & Shell Theorem 

As with gravitational force law, the shell theorem has analogs 

in electrostatics: 
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1If  is inside the shell, then the force is q



Spherical Conductors 

If excess charge is placed on a spherical shell that is made of 

conducting material, the excess charge spreads uniformly 

over the (external) surface. 



Coulomb’s Law 



Coulomb’s Law 



Coulomb’s Law 



Coulomb’s Law 



Coulomb’s Law 



Coulomb’s Law 



Coulomb’s Law 



Coulomb’s Law 



Coulomb’s Law 



Coulomb’s Law 

The equilibrium at x=2Lis unstable; that is, if the 

proton is displaced leftward from point R, then F1 and 

F2 both increase but F2 increases more (because q2 is 

closer than q1), and a net 

force will drive the proton farther leftward. If the 

proton is displaced rightward, both F1 and F2 

decrease but F2 decreases more, and a net force will 

then drive the proton farther  rightward. In a stable 

equilibrium, if the proton is displaced slightly, it 

returns to the equilibrium position. 



Coulomb’s Law 



Coulomb’s Law 



Coulomb’s Law 



Coulomb’s Law 



Coulomb’s Law 



• Properties of electric charge 
• Positive, negative, quantized, conserved  

• Electrical properties of materials 
• Conductors, insulators, semiconductors, superconductors 

• Neutral, charged, grounded 

• Coulomb’s law: Electrostatic Force 
• Principle of superposition, Shell theorem   

What have we learnt 


